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(57) ABSTRACT 

Aprogrammable array built-in self test system for testing an 
embedded array alloWs self test functions, eg test patterns, 
read/Write access, and test sequences, to be modi?ed Without 
hardWare changes to the test logic. Prior programmable 
ABIST systems have three types of control structure: scan 
only mode control bits; direct use of bits from the microcode 
instruction; and state machines that are controlled by micro 
code instructions Which may then be used to provide feed 
back to the branch control functions that control the micro 
code instruction pointer. Afourth type of control structure is 
disclosed that can be used to reduce the number and/or siZe 
of the microcode instructions that are required to implement 
many array test algorithms. This fourth type of control 
structure is used to modify the values that are generated by 
the original three array control structure types. This mecha 
nism is implemented as a the test mode register. TWo other 
improvements are made to control the looping mechanism. 
The ?rst improvement is the addition of a function Which 
alloWs the branch pointer to be updated to point to the 
current instruction, thereby enabling branches to multiple 
places in the ABIST instruction set. The second improve 
ment is the addition of test mode compare latches and the 
test mode comparitor Which alloW branches to be taken 
based on the state of the test mode register. 

25 Claims, 5 Drawing Sheets 
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METHOD AND APPARATUS TO REDUCE 
THE SIZE OF PROGRAMMABLE ARRAY 

BUILT-IN SELF-TEST ENGINES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention is related to the following applica 
tions entitled Programmable Array Built-In Self-Test 
Method and Controller With Full Programmable Expect 
Generator, US. application Ser. No. 09/435,875, ?led on 
Nov. 8, 1999, Which is incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates generally to an improved 
data processing system and in particular to a method and an 
apparatus for building self-test code on-chip for an array 
structure. Still more particularly, the present invention pro 
vides a method to enhance the functionality of the instruc 
tion array used to implement the testing algorithms. 

DESCRIPTION OF THE RELATED ART 

In general, integrated circuit arrays are tested by provid 
ing a knoWn data input at a knoWn address to the array and 
comparing the output of the array to the expected output. 
One Well-knoWn and Widely used prior art system for testing 
integrated circuit logic is called Array Built-In Self Test 
(ABIST) technology. ABIST alloWs high speed testing of the 
array Without having a large number of input/output con 
nections to the chip itself. Key ingredients to this approach 
are to provide high speed testing and to con?ne the test 
system to a minimum area of the chip. In prior art systems, 
test patterns have generally been limited to a Well-known set 
including all O’s, all 1’s, checkerboard, checkerboard 
complement, and pseudo-random. These prior art systems 
permit very limited looping and addressing controls. 
US. Pat. No. 5,633,877 to Shephard et al, issued May 27, 

1997, provides a programmable ABIST function for VLSI 
logic or memory modules. This circuitry provided the pro 
vision of an array built-in self test system Which alloWs self 
test functions (eg test patterns, read/Write access, and test 
sequences) to be modi?ed Without hardWare changes to the 
test logic. The test sequence is controlled by scanned logical 
test vectors (instructions), Which can be changed, making 
the task of developing complex testing sequences relatively 
easy. 

HoWever, it is advantageous to be able to implement more 
complex ABIST algorithms in feWer programmable ABIST 
instructions thereby reducing the number of ABIST engine 
initialiZations and/or the depth of the ABIST instruction 
array, With only modest increases in circuit components on 
the chip. 

SUMMARY OF THE INVENTION 

Aprogrammable array built-in self test system for testing 
an embedded array alloWs self test functions, eg test 
patterns, read/Write access, and test sequences, to be modi 
?ed Without hardWare changes to the test logic. Prior pro 
grammable ABIST systems have three types of control 
structure: scan only mode control bits; direct use of bits from 
the microcode instruction; and state machines that are con 
trolled by microcode instructions Which may then be used to 
provide feedback to the branch control functions that control 
the microcode instruction pointer. 

The present invention discloses a fourth type of control 
structure that can be used to reduce the number and/or size 
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2 
of the microcode instructions that are required to implement 
many array test algorithms. This fourth type of control 
structure is used to modify the values that are generated by 
the original three array control structure types. This fourth 
control mechanism is implemented as a the test mode 
register in the preferred embodiment of this invention. 
TWo other improvements are made to control the looping 

mechanism. The ?rst is the addition of a function Which 
alloWs the branch pointer to be updated to point to the 
current instruction, thereby enabling branches to multiple 
places in the ABIST instruction set. 

The second improvement is the addition of test mode 
compare latches and the test mode comparator Which alloW 
branches to be taken based on the state of the test mode 
register. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself, 
hoWever, as Well as a preferred mode of use, further objec 
tives and advantages thereof, Will best be understood by 
reference to the folloWing detailed description of an illus 
trative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

FIG. 1 is a block diagram shoWing the major components 
in accordance With a preferred embodiment of the present 
invention; 

FIG. 2 is a detailed diagram shoWing the components for 
an ABIST in accordance With a preferred embodiment of the 
present invention; 

FIG. 3 shoWs a modi?ed microcode instruction from the 
prior art; 

FIG. 4 shoWs the functions of the microcode instruction 
in accordance With a preferred embodiment of the present 
invention; 

FIG. 5 shoWs the functions of the test mode compare 
latches in accordance With a preferred embodiment of the 
present invention; 

FIG. 6 shoWs the functions of the test mode register in 
accordance With a preferred embodiment of the present 
invention; and 

FIG. 7 shoWs a test program illustrating the neW features 
of the ABIST engine in accordance With a preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An object of this invention is to expand the programma 
bility of an ABIST system for testing arrays, particularly 
arrays embedded Within dense VLSI logic chips; a system 
that can generate neW test patterns and neW test sequences 
Without requiring hardWare changes to the controller or to 
the test system. In particular, there is a need for more 
complex looping conditions during the tests and the ability 
to generate a Wider variety of test patterns. This all has to be 
accomplished With only a small increase in circuit compo 
nents on the chip. 

One approach to solve this problem Would be to increase 
the depth of the instruction array so that more instructions 
can be stored for the test programs. HoWever this relatively 
simple solution has several draWbacks. It uses too much 
“chip real estate” and it does not alloW some of the complex 
looping conditions required by more extensive testing algo 
rithms. 
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Another approach is to modulariZe the test programs and 
scan in each smaller program one after the other. This 
requires no additional chip real estate and simply uses the 
ABIST mechanism already in place. This has the disadvan 
tages of making the testing process more complex and time 
consuming and it also does not alloW some of the complex 
looping conditions required by more sophisticated testing 
algorithms. 

The instruction array to implement the algorithms used in 
this example using the prior art is 12 bits Wide and 8 
instructions deep. Since doubling or tripling the number of 
instructions by increasing the depth does not solve the 
fundamental problem of implementing more complex test 
algorithms, the approach of this invention is to increase the 
Width of the instruction array from 12 bits to 14 bits and to 
use the additional bits in the microcode to control a test 
mode register and branch counter update that Will provide 
the increased functionality. 

Brie?y, the present invention contemplates the provision 
of an array built-in self test system Which alloWs self test 
functions (eg test patterns, read/Write access, and test 
sequences) to be modi?ed Without hardWare changes to the 
test logic. In one embodiment, the test sequence is controlled 
by scanned logical test vectors (instructions), Which can be 
changed, making the task of developing complex testing 
sequences relatively easy. 

The depicted embodiment of the system is implemented 
as a VLSI integrated circuit, With scannable, programmable 
memory elements for use in generating test data patterns and 
test operational sequences, including: 

a Write control register coupled to an accompanying state 
machine, 

a data input register coupled to an accompanying state 
machine, 

a data output register With data compression capability or 
failing address capture capability, coupled to an accom 
panying state machine, 

an array address control register With accompanying state 
machine, 

a microcode pointer control register With accompanying 
state machine, 

a branch pointer With accompanying update function, 
a instruction array Which provides a program sequence 
means for accomplishing testing of the embedded array 
by manipulating the various state machines, and 

a test mode register Which enhances the functionality of 
the instruction array. 

The original programmable ABIST engine described in 
US. Pat. No. 5,633,877 contained three types of control 
structure: scan only mode control bits; direct use of bits from 
the microcode instruction; and state machines that are con 
trolled by microcode instructions Which may then be used to 
provide feedback to the branch control functions that control 
the microcode instruction pointer. 

The present invention discloses a fourth type of control 
structure that can be used to reduce the number and/or siZe 
of the microcode instructions that are required to implement 
many array test algorithms. This fourth type of control 
structure is used to modify the values that are generated by 
the original three array control structure types. It also 
discloses tWo other mechanisms that can be used to reduce 
the number of microcode instructions that are required to 
implement some array test algorithms. 

In the example implementation, the fourth type of control 
structure is implemented as a Test Mode Register (TMR) 
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4 
that can modify the values that are generated by other array 
control structures. This control structure can then be used to 
implement the most commonly used stimulus changes per 
formed in the “outer loops” of many ABIST algorithms, 
thereby alloWing the selective modi?cation of several dif 
ferent control signals With a single microcode instruction. 
The other mechanism that is disclosed herein is the update 

branch pointer function Which is controlled by a bit in the 
microcode instruction being executed; When set this bit 
causes the branch pointer to be updated to point to the 
current instruction. This alloWs multiple loops With different 
starting points to be de?ned in the ABIST microcode Without 
the need to have multiple branch registers. 

Test functions include, but are not limited to, the folloW 
ing examples. 

Array data in value control 
Array address controls: count/hold 
Array address controls: count by incrementing or decre 

menting 
Array address controls: address sub?eld reordering 
Array Write enable control 
Data out expect value 
Compare masking 
Instruction pointer controls and tests 

These functions may be better understood by referring to 
FIG. 3 beloW, U.S. Pat. No. 5,633,877, and Patent disclosure 
AT9-99-776. 

The test data patterns, array address controls, array Write 
controls, and the test mode register are initialiZed via scan 
ning. The microcode pointer control register controls the 
various test state machines via the logical test vectors to 
enable “at speed” functional testing of the array. Test results 
are gathered by observing an ABIST failout signal either at 
a chip pin, and/or via scanning. Subsequent test scenarios 
can also scanned in. Failures can also be monitored on the 
?y in certain cases. 

Referring noW to FIG. 1 of the draWings, region 100 of an 
integrated circuit chip has formed therein embedded array 
102, Which is D bits Wide. Also formed in region 100, in 
close proximity to array 102, is an array built-in self-test 
system, Which includes programmable state controller 104. 
The programmable state controller 104 generates a sequence 
of data pattern inputs 106, address inputs 108, and read and 
Write controls to array 102. The data pattern is Written into 
array 102 and then read out as data outputs 110. Logic 112 
compares the data output of the array With the expected data 
output pattern and provides result 114 Which might be, for 
example, pass/fail output indication as described in Disclo 
sure AT9-99-776, and failed address function that identi?es 
the address at Which an error occurred. 
With reference noW to FIG. 2, a diagram of an ABIST 

engine With an embedded array is depicted in accordance 
With the preferred embodiment of the present invention. This 
?gure illustrates a programmable ABIST engine, such as 
ABIST engine 104 and embedded array 102 in FIG. 1. 

In this example, an instruction array 202 along With 
pointer control register 204 form a programmable state 
sequencer. Address decoder 206 couples pointer control 
register 204 to instruction array 202. During each cycle, one 
instruction register Within instruction array 202 may be 
selected by pointer control register 204 and the contents of 
the register being read out and being used to determine the 
action being taken. In these examples, the actions may 
include, for example, sending signals to other test elements 
and/or altering the contents of pointer control register 204. 
For example, the alteration to pointer control register 204 
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may be to increment the pointer, decrement the pointer, hold 
the current pointer value, reset the pointer to Zero, or change 
the pointer to the value contained in a branch register. 
Instructions Within instruction array 202 Will be explained in 
more detail in FIG. 3 beloW. 

Bus 208 couples data control bit 0 of a register selected by 
the pointer in pointer control register 204 to a data control 
value 210. Bus 214 couples instruction array 202 to ?nite 
state control logic 216, Which loads pointer control register 
204 With an address speci?ed by the pointer control ?eld. 
Bus 214 comprises bit 9 through bit 13 in the microcode 
instruction. Alternatively, ?nite state control logic 216 may 
load the contents of branch register 218 into pointer control 
register 204 When the pointer control ?eld speci?es a branch 
on a register operation. Bus 224 couples branch register 
control bit 8 of the micro-code instruction Which When 
active causes the contents of the address pointer register in 
204 to be loaded into branch register 218. 

Pattern counter 220 is coupled to state control logic 216 
to control repetition of microcode instructions. Bus 236 
couples a conditional update signal from pattern counter 220 
to address control registers 226. Bus 222 couples counter 
update bit 5 of a register selected by the pointer in pointer 
control register 204 to pattern counter 220. 

Buses 228 and 230 respectively couple the output of 
address control register 226 and data control value 210 to 
array 212. Bus 232 couples the address over?oW state of 
address control register 226 to state control logic 216. Bus 
240 couples data read out of array 212 to a-suitable data 
comparator 238 in Which the data is compared With data on 
bus 256 read from data expect value 254. Bus 252 transfers 
data expect control bit 1 from instruction array 202 to data 
expect value 254. Data comparator 238 is used to produce 
fail output indication 242 of Whether the test passed or failed 
in this example. Bus 244 couples the counter update bits 4, 
5, and 6 from instruction array 202 to address control 
register 226. Bus 246 couples the one bit compare enable 
function control signal from instruction array 202 to enable 
or disable data comparator 238. Bus 248 couples instruction 
array 202 to Write control register 250 and sends the Write 
control bit into Write control register 250. Bus 234 couples 
array Write control signal from Write control register 250 to 
array 212 in this example. 
Bus 258 couples the increment test mode register bit 7 

from instruction array 202 to test mode register 260. Test 
mode compare latches 262 have their values set by scanning 
When the microcode is input to instruction array 202. The 
outputs of test mode register 260 and the test mode compare 
latches 262 are sent to comparator 264. The output of 
comparator 264 is feed back to ?nite state machine 204 for 
use in controlling the instruction address pointer. 

Test mode register bits 1—3 comprise the address control 
bits sent by bus 266 from test mode register (TMR) 260 to 
address control registers 226. Test mode register bits 0,4,5 
comprise the TMR data control bits sent by bus 268 from 
test mode register 260 to address dependent data inverter 
270. Bus 272 transfers a subset of array address bits from 
address control registers 226 to address dependent data 
inverter 270. Address dependent data inverter 220 sends a 
one bit control signal to data control value 210 and sends a 
one bit control signal to data expect value 254. 
More information on the details of the registers and 

operation of the ABIST engine may be found in the Us. Pat. 
No. 5,633,877, Which is incorporated herein by reference, 
and in Disclosure AT 9-99-776. 

FIG. 3 contains the 12 bit microcode instruction set that 
could be used to test the array con?guration used in this 
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6 
example implementation using the techniques described in 
the prior Shephard US. Pat. No. 5,633,877. The nine bit 
microcode instruction of the earlier patent has been extended 
to 12 bits, as shoWn in the table of FIG. 3. 
Of particular signi?cance are the three orderings possible 

for testing: WBS, BSW, and SWB, Where W is the Word line, 
B is the bit column, and S is the subarray. The different 
address orders are needed for the different array testing 
algorithms that are required for arrays With interleaved 
columns. In BSW mode, consecutive test patterns can select 
betWeen cells that are adjacent in the bit direction, While in 
WBS mode consecutive patterns can operate on cells that are 
adjacent in the Word line direction. In SWB mode consecu 
tive patterns can operate on different subarrays to test the 
logic that selects betWeen them. 
With reference noW to FIG. 4, the fourteen-bit microcode 

instruction is described in accordance With a preferred 
embodiment of the present invention. These microcode 
instructions are the eight Words in instruction array 202 in 
FIG. 2. The table provides a detailed summary of the 
functions for all of the bits. Comparing FIG. 3 and FIG. 4 We 
see that the siZe of the instruction greW by tWo bits. This 
small increase in siZe makes it possible to execute complex 
test algorithms Within the 8 instruction limit that Would have 
taken up to tWo or three times as many instructions using the 
microcode instruction set shoWn in FIG. 3. 
With reference noW to FIG. 5, the six-bit test mode 

register is described in accordance With a preferred embodi 
ment of the present invention. The table provides a detailed 
summary of the functions for all of the bits. Bits 0, 4, and 5 
are used to invert the data values to create a Wider range of 
data patterns. Bits 1, 2, and 3 control the address ordering 
and the address up/doWn setting. These bits are compared 
With the settings of the test mode compare latches shoWn in 
FIG. 6 beloW and the result of this comparison is sent to the 
?nite state machine to be used in the pointer control branch 
testing function. 
With reference noW to FIG. 6, the four-bit test mode 

compare latches are described in accordance With a pre 
ferred embodiment of the present invention. The table 
provides a detailed summary of the functions for all of the 
bits 

With reference noW to FIG. 7, a program is presented in 
accordance With a preferred embodiment of the present 
invention. The instruction array can store up to eight micro 
code instructions, each instruction containing fourteen bits, 
as described in FIG. 4. The table presents these eight 14-bit 
instructions and an explanation of the instruction. 
The version of the test program shoWn in FIG. 7 uses the 

updateable branch pointer that is introduced as part of this 
invention. Notice that the algorithm takes exactly eight 
instructions. This program uses both the test mode register 
and the three address orders implemented as part of this 
invention. In particular, incrementing the test mode register 
and the test address order appear in instruction 8. In the 
preferred embodiment of the invention, this program 
requires eight instructions. In the prior art this program 
could not be implemented Within the eight instruction limit. 
To handle all three address orders Would require replicating 
the logic of the algorithm three times resulting in a tripling 
of the code depth. 

This program also uses the branch pointer update func 
tion. The branch pointer is updated in instruction 1, and 
again in instruction 4. This ABIST programming sequence 
Would have to be run in tWo parts regardless of the code 
depth if the branch pointer update function Was not present. 
The description of the present invention has been pre 

sented for purposes of illustration and description, but is not 
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limited to be exhaustive or limited to the invention in the 
form disclosed. Many modi?cations and variations Will be 
apparent to those of ordinary skill in the art. The embodi 
ment Was chosen and described in order to best explain the 
principles of the invention the practical application and to 
enable others of ordinary skill in the art to understand the 
invention for various embodiments With various modi?ca 
tions as are suited to the particular use contemplated. 
What is claimed is: 
1. A built-in, on-chip system for testing an embedded 

array having data input ports, data output ports, and address 
ports, the system comprising in combination: 

a data control value element used for generating and 
applying deterministic data patterns to the data input 
ports of the embedded array; 

an address control register for generating addresses for 
application to the embedded array in coordination With 
the data control value element; 

a data expect value element used for generating a pattern 
of data expected at the output ports; 

a comparator for comparison of data output from the data 
expect value element With data output from the data 
output ports of the embedded array; 

an instruction array for storing a plurality of microcode 
instructions, each instruction including a data control 
value ?eld, an address control register ?eld, an address 
mode ?eld, a microcode pointer control register ?eld, a 
Write enable control ?eld, an increment test mode 
register ?eld, a branch register control ?eld, a pattern 
counter update ?eld, and a data expect control ?eld; 

test mode logic for generating signals to control address 
ing modes based on a value of the increment test mode 
register ?eld; 

a ?nite state machine for controlling the address control 
register, the data control value element, and a micro 
code pointer control register in response to the plurality 
of microcode instructions, an over?oW feedback state 
of the address control register, and an output of the test 
mode logic; and 

an address dependent data inverter that alloWs data bits of 
at least one of the data control value element and the 
data expect value element to be inverted based on a 
current address value obtained from the address control 
register. 

2. The built-in, on-chip system according to claim 1, 
Wherein the address dependency data inverter generates and 
modi?es data patterns by inverting the data bits of at least 
one of the data control value element and the data expect 
value element based on the current address value. 

3. The built-in, on-chip system according to claim 1, 
Wherein the microcode instructions of the instruction array 
provide a test sequence for testing the embedded array, and 
Wherein the test sequence includes data as to Which 
addresses to test, Which data pattern to use, and Whether and 
When to read or Write and Wherein the test sequence is 
modi?able by execution of a conditional branch of the 
sequence Which is determined by at least one of an over?oW 
state of the address control register, a data control value, a 
pattern counter, and a test mode register compare. 

4. The built-in, on-chip, test system according to claim 3, 
Wherein the test sequence branches to an address in a branch 
control register. 

5. The built-in, on-chip system according to claim 3, 
Wherein a microcode instruction can update the branch 
pointer to point to the current instruction. 

6. The built-in, on-chip system according to claim 1, 
Wherein the test mode logic consists of a test mode register, 
a set of test mode compare latches, and a comparator. 
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7. The built-in, on-chip system according to claim 6, 

Wherein the test mode register contains a bit that toggles data 
in and data out, an address ordering bit, tWo scan order bits, 
and tWo address count bits. 

8. The built-in, on-chip system according to claim 7, 
Wherein the tWo scan order bits identify one of three possible 
address modes. 

9. The built-in, on-chip system according to claim 8, 
Wherein one address mode of the three possible address 
modes is When consecutive test patterns select betWeen cells 
of the embedded array that are adjacent in a bit direction. 

10. The built-in, on-chip system according to claim 8, 
Wherein one address mode of the three possible address 
modes is When consecutive test patterns operate on cells of 
the embedded array that are adjacent in a Word line direc 
tion. 

11. The built-in, on-chip system according to claim 8, 
Wherein one address mode of the three possible address 
modes is When consecutive test patterns operate on different 
subarrays of the embedded array to test the logic that selects 
betWeen the subarrays. 

12. The built-in, on-chip system according to claim 7, 
Wherein the set of test mode compare latches contains a bit 
that toggles data in, an address ordering bit, and tWo scan 
order bits. 

13. The built-in, on-chip, test system according to claim 
1, Wherein the embedded array is embedded Within a VLSI 
logic chip. 

14. A method for testing an embedded array on a proces 
sor With a built in self test engine on the processor, the 
method comprising: 

scanning a test program and data into the built in self test 
engine Wherein the test program includes instructions 
controlling a test mode register, test mode compare 
latches, a data expect value element, an address depen 
dent data inverter, a pattern counter, and a branch 
register; 

executing the test program to test the embedded array; 
scanning a test mode register to control address ordering 

and data generation; 
comparing an output from the embedded array With an 

expected data value to determine a result of the test 
using the on chip built in self test engine. 

15. The method of claim 14, Wherein the step of scanning 
information into the built in self test engine comprises 
loading one or more instruction into one or more instruction 

registers. 
16. The method of claim 14, Wherein instructions contain 

a control bit sent to the test mode register that cause an 
update of the test-mode register. 

17. The method of claim 14, Wherein scan initialiZing, or 
updating the test mode register cause changes in address 
control bits in a set of address control registers that change 
the ordering of access to the embedded array. 

18. The method of claim 14, Wherein scan initialiZing, or 
updating the test mode register cause inversions in the data 
sent as input to the embedded array and corresponding 
changes in the data expect value. 

19. The method of claim 14, Wherein instructions contain 
a control bit sent to a branch register that cause the branch 
register to be updated to the current value of a pointer 
control register. 

20. An apparatus for testing an embedded array on a 
processor With a built in self test engine on the processor, the 
apparatus comprising: 

a scanning means for scanning a test program and data 
into the built in self test engine Wherein the test 
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program includes instructions controlling a test mode 
register, test mode cornpare latches, a data expect value 
elernent, an address dependent data inverter, a pattern 
counter, and a branch register; 

an executing means for executing the test program to test 
the embedded array; 

a scanning means for scanning a test mode register to 
control address ordering and data generation; 

a cornparing means for comparing an output from the 
embedded array With an expected data value to deter 
mine a result of the test using the on chip built in self 
test engine. 

21. The apparatus of claim 20, Wherein the scanning 
means for scanning information into the built in self test 
engine cornprises loading one or more instructions into one 
or more instruction registers. 
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22. The apparatus of claim 20, Wherein instructions con 

tain a control bit sent to the test mode register that cause an 
update of the test mode register. 

23. The apparatus of claim 20, Wherein scan initialiZing, 
or updating the test mode register cause changes in address 
control bits in a set of address control registers that change 
the ordering of access to the embedded array. 

24. The apparatus of claim 20, Wherein scan initialiZing, 
or updating the test mode register cause inversions in the 
data sent as input to the embedded array and corresponding 
changes in the data expect value. 

25. The apparatus of claim 20, Wherein instructions con 
tain a control bit sent to a branch register that cause the 
branch register to be updated to the current value of a pointer 
control register. 


